Assessment of combined renewable power, heat and fuels production in the context of time-dependent supply and demand by Raab, Moritz et al.
Assessment of combined renewable power, heat and fuels production in 
the context of time-dependent supply and demand 
 
Moritz Raab  
Dr. Ralph-Uwe Dietrich, Felix Habermeyer 
DLR – Research Group for Techno-economic assessments 
 
Rome, IT 
8th November 2019 
Agenda 
1. Background and motivation  
2. Project FlexCHx 
3. Techno-economic and ecologic assessment 
4. Summary and Outlook 
 
•  Assessment of combined renewable power, heat and fuels production   •  Moritz Raab •  8 November 2019 -  Rome, Italy DLR.de  •  Chart 2 
1. Background and motivation 
• State of the art – e.g. combined power and heat production in gas plants 
 
 
 
 
 
 
 
 
• Process can be driven by electricity demand or heat demand 
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1. Background and motivation 
• New concept - combined renewable power, heat and fuels production  
 
 
 
 
 
 
 
 
 
 
• Biomass as an exemplary “low grade” energy and carbon source for the process 
• Stationary BtL process published in [1] - No time-depended aspect of demand is taken into account 
 Hardly no reaction to volatile electricity production and price possible - only reduction possible 
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Fuel production 
Electricity production 
Heat production 
[1] Albrecht 2017 10.1016/j.fuel.2016.12.003  
Feedstock 
1. Background and motivation 
 
• Creating a process that is capable of producing power, heat and fuels 
• Participates in the electricity market – positive and negative reserve capacity 
 
 
 
 
 
 
 
 
 
 
 
 Increasing share of renewables increases demand for flexible plants 
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Charts from www.energy-charts.de  
1. Background and motivation 
• No leapfrogging from stationary production processes towards plants of short-term flexibility 
• First technical experience with production plants operating in different seasonal modes 
• Technical challenges can be addressed for further research projects 
• Simulation data obtained from different seasonal modes can be used to outline the potential of flexible 
production processes 
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typical Northern European country 
[1] 
[1] https://ilmatieteenlaitos.fi/energialaskennan-testivuodet-nyky as cited in Kurkela, E. (2017) Flexible combined production of power, heat and transport fuels from renewable energy sources. Project Proposal 
[2] Kurkela, E. (2017) Flexible combined production of power, heat and transport fuels from renewable energy sources. Project Proposal 
2. Project FlexCHx 
www.flexchx.eu 
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[2] 
[2] 
FlexCHX project has received funding 
from the European Union’s Horizon 2020 
research and innovation Programme 
under Grant Agreement No 763919. 
Techno-economic & ecologic analysis 
• Preparation of a process model within ASPEN PLUS 
• Economic analysis with cost data provided by project partners 
• Evaluation of environmental impact via Life Cycle Analysis (LCA) 
 
 
 
SXB Gasifier 
Staged f xed-bed (SXB) gasifier developed for small-scale biomass 
gasificat on 
Pyrolysis stage followed by a cataly ic tar r moval stage 
• Operation conditions: 830 °C, 10 bar 
Feedstock 
• Examination of different feedstock composition available in Northern- and 
Central Europe 
• Preparation of data-base containing price, pretreatment steps and seasonal 
availability of different biomass/waste feedstocks 
 
Product upgrad ng 
Integration in the existing oil refinery infrastructure of Finland/Lithuania 
Bu ness c se for FT-Wax pro uction in Finland/Lithuania 
 
 
 
CHP In gration 
Ev luation of int gratio  p ssibiliti s within existing CHP plants 
Developme t of bus ness cases l g market ata for Finland (HELEN) and 
Lith nia (LEI) 
El ctr lyzer 
Lit r ture review of PEM & SOEC lectrolyzers 
Selection of m t su able electrolyzer technology 
Selection of correspon i g gas storage techn logy 
 
Fischer-Tropsch reactor 
xperim tal valuatio of th xible lab-scale FT synthes s for different 
op ration point   
Demo tration p ant combin ng mob le synthesis u it (MOBSU) with the 
SXB gasifier 
• Comparison of different off-gas recycles 
 
Gas Fil  
N w metal lloy filter ele ents applied s ow increa ed corr sion resistance  
Filtrati  f fly ash at ga ifier tem erature 830°C  
xperime tal va ua ion of ovel robust me al f lters within VTT’s pilo  plant 
 
taly ic Ta -Reforming 
1-2 st ge r ctor ilzin  novel catalys  
Testi g f r former conce t at VTT’s de ons ation pl t 
Gas c ean-up 
Replace e t of conv ional gas cleaning pr cesses (Rectisol/Selexol) by a
cost-effective sorbent based cleaning process 
Testing of the cleaning process i  conjunction with the SXB gasifier 
 
2. Project FlexCHx 
FILTER 
SXB 
GASIFIER 
REFORMER 
GAS CLEAN-
UP 
FISCHER-TROPSCH 
SYNTHESIS 
ELECTRO- 
LYZER 
PRODUCT 
UPGRADING 
FEEDSTOCK 
CHP INTEGRATION 
Process highlights: 
• Large range of possible feedstock 
• Tar removal in the gasifier 
• No gas cooling for the filter required 
• Flexible electrolyzer with oxygen 
storage  
• Autothermal reforming 
• Cost-efficient gas clean-up 
• FT By-pass for high heat demand 
 
Techno-economic & ecologic analysis 
DLR.de  •  Folie 9 •  Assessment of combined renewable power, heat and fuels production   •  Moritz Raab •  8 November 2019 -  Rome, Italy FlexCHX project has received funding 
from the European Union’s Horizon 2020 
research and innovation Programme 
under Grant Agreement No 763919. 
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3. Techno-economic and ecological assessment (TEEA) 
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3. Techno-economic and ecological assessment (TEEA) 
•  Assessment of combined renewable power, heat and fuels production   •  Moritz Raab •  8 November 2019 -  Rome, Italy 
• adapted from best-practice chem. eng. methodology  
• Meets AACE class 3-4, Accuracy: +/- 30 % 
• Year specific using annual CEPCI Index 
 
• Automated interface for seamless integration 
• Easy sensitivity studies for every parameter 
• Learning curves, economy of scale, … 
 
Unit sizes 
Energy/ 
Material flows 
Net production costs 
(NPC) [€/kg] 
 Operational costs 
• Raw materials 
• Utilities 
• Maintenance 
• Labor 
 Capital costs 
• Equipment costs 
• Piping and installation 
• Service facilities 
• Engineering 
Process simulation 
results 
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3. Techno-economic and ecological assessment (TEEA) 
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Electricity footprint 
GHG-footprint of products 
𝐆𝐇𝐆 𝐚𝐛𝐚𝐭𝐞𝐦𝐞𝐧𝐭 𝐜𝐨𝐬𝐭𝐬 
€
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Biomass footprint 
Application efficiency 
System integration 
Efficiency 
Plant emissions 
Car - http://aktionberlinerallee.de/ 
Wind turbine: http://clipartbarn.com/wind-turbine-clipart_15864/ 
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4. Summary and Outlook 
• “Gate to gate” Techno-economic and ecological assessment of two operating modes are assessed 
• With (future) data for electricity supply and demand more flexible operating modes can be evaluated 
• Results of “Gate to gate” assessment can be used in a model with larger perspective 
o Influence of several plants on an electric grid 
o Fuel production capacity as a function on electricity supply and demand 
• Including the usage of the products and the corresponding efficiencies different optimizations can be carried 
out 
oWhat is the most economic running mode for the plants 
oWhat running mode has the least GHG emissions 
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